OBJECTIVE -To study which perinatal factors affect the risk of childhood overweight in offspring with a first-degree relative (FDR) with type 1 diabetes and to determine whether maternal diabetes is an independent contributor to overweight risk.
T he increasing prevalence of overweight and obesity in children is a major health problem, as obesityrelated medical conditions affect almost every organ system in the body (1) . Gestational and perinatal factors have been shown to influence weight in childhood. Among these, maternal diabetes during pregnancy has been associated with an increased prevalence of childhood obesity (2) (3) (4) (5) (6) . This has led to the hypothesis that in utero exposure to increased concentrations of glucose and insulin leads to increased risk of obesity and insulin resistance later in life (2) .
Previous studies (3) (4) (5) have been small or retrospective in design. Moreover, it is not clear whether maternal diabetes as such, or factors such as birth size and breast-feeding, which are affected by maternal diabetes, modify obesity risk.
Here, we have examined weight and BMI during childhood in a cohort of 1,214 children whose mothers or fathers have type 1 diabetes and who were followed from age Յ3 months. The aim of the analysis was to determine which gestational and perinatal factors may increase the risk of childhood obesity and whether maternal diabetes is an independent contributor to obesity risk.
RESEARCH DESIGN AND
METHODS -Risk of overweight was assessed in 1,214 children who were enrolled in the prospective BABYDIAB study (7) between 1989 and 2000. All children had a mother and/or father with type 1 diabetes, including 783 children whose mothers had type 1 diabetes. All children were recruited throughout Germany, were entered into the studies before age 3 months, and were followed for Ͼ2 years. In families with more than one offspring participating in the study, the oldest one was included in the analyses. Twins and children who developed type 1 diabetes during follow-up were excluded from analyses.
Data on a child's weight and height at ages 2, 5, and 8 years were recorded by physicians in that child's pediatric record at regular clinical visits. From these data the BMI was calculated and expressed as percentiles adjusted for age and sex according to the German reference system established by Kromeyer-Hauschild et al. (8) . Overweight was defined as BMI percentile Ն90. Data on children's weight and height were available for 1,155 children at 2 (age range 1.5-2.5), 1,031 children at 5 (4.5-5.5), and 665 children at 8 (7.5-8.5) years of age.
Birth weight and gestational age were collected from each child's pediatric record at birth. Pediatric records were completed by trained staff at delivery. Gestational age was determined on the basis of the last menstrual period and expressed in weeks. Birth weight was adjusted for sex and gestational age and expressed as a percentile of the reference German population as determined by the German Perinatal Registry (9) . Offspring below the 10th percentile were defined as small for gestational age (SGA) and those Ն90th percentile as large for gestational age (LGA). Appropriate for gestational age (AGA) was defined as Ͼ10th and Ͻ90th percentile and served as the reference category in our analyses.
Data on breast-feeding (yes/no) and the duration of full and any breast-feeding (weeks) were obtained from questionnaires completed by the child's mother when the child was aged 9 months and aged 2 years. Breast-feeding was defined according to World Health Organization criteria (10) as "full breast-feeding" if the infant received breast milk with or without supplements of water, water-based drinks, vitamins, and medicines but without formula or other milk or solids. It was defined as "any breast-feeding" if the infant received breast milk, irrespective of any other types of food including full breast-feeding. To analyze the effect of breast-feeding on overweight, children who were never breast-fed were used as a reference category. Categories of fullbreast-feeding duration were defined according to the national recommendations at the time of the children's enrollment (at least 4 months). Categories of any breastfeeding were defined as Ͻ1, 1.1-3.0, 3.1-6.0, and Ն6 months. Additional data used in the current analysis were obtained at birth either from the child's pediatric record (sex of the child) or from a questionnaire (parental type 1 diabetes status, smoking during pregnancy [defined as Ն1 cigarette/day], yes versus no). Written informed consent was obtained from the parents. The study was approved by the ethics committee of Bavaria (Bayerische Landesärztekammer [Bavarian Medical Council] no. 95357).
Statistical analyses
Continuous variables are given as means Ϯ SD or median (interquartile range [IQR] ). To test the effect of the factors under investigation on overweight, univariate logistic regression analyses were performed, giving the unadjusted odds ratio (OR) and 95% CI for overweight for each of the covariates. Variables that were significantly associated with overweight in offspring in the univariate analyses (P Ͻ 0.05) were included in a multivariate analysis by a multiple logistic regression model. The results of the logistic regression analyses are expressed as ORs (95% CI). The influence of breast-feeding duration and birth size on the prevalence of overweight was analyzed by a 2 test. For all analyses, a twotailed P value of 0.05 was considered significant. All statistical analyses were performed using the Statistical Package for Social Science (version 15.0; SPSS, Chicago, IL).
RESULTS

Factors affecting overweight in childhood: univariate analysis
We examined whether factors such as maternal diabetes, breast-feeding duration, birth size, maternal age, sex, or maternal smoking during pregnancy increased the risk of childhood obesity at 2, 5, and 8 years of age. Details of the study cohort are shown in Table 1 . In the univariate analysis, maternal diabetes was significantly associated with increased risk of overweight in offspring at 2 and 5 years of age. Full breast-feeding for Ͼ4 months or any breast-feeding for Ͼ6 months protected against the development of overweight (Table 2) (Fig. 1) .
LGA status in the newborn was associated with an increased risk of overweight at all ages (OR 2.3 [95% CI 1.5-3.3], P Ͻ 0.0001; 4.0 [2.5-6.2], P Ͻ 0.0001; and 2.4 [1.4 -4.3] , P ϭ 0.002 for ages 2, 5, and 8 years, respectively) ( Table  2) (Fig. 2) . We further observed that LGA was also an important factor for becoming overweight during infancy. Among children who moved from normal weight at age 2 years to overweight at age 5 years, 38.2% were born LGA and 1.8% were born SGA. In contrast, 14.5% and 11.1% of the children who remained normal weight between 2 and 5 years of age were LGA and SGA, respectively (P Ͻ 0.0001). A higher maternal age (Ͼ30.1 years) was slightly associated with lower risk of overweight in offspring at 5 years of age (0.7 [0.4 -0.99], P ϭ 0.04) but did not affect risk at 2 and 8 years of age. Sex of the child, maternal smoking during pregnancy, and HLA-DR4 genotype in the child did not influence risk of overweight at any age.
Factors affecting overweight in childhood: multivariate analysis Maternal diabetes, breast-feeding duration, birth size, and maternal age were included as variables in a multivariate analysis of the whole cohort using a multiple logistic regression model (Table 3) . Neither maternal diabetes nor maternal age affected risk of overweight in the multivariate model. However, breast-feeding duration and birth size both contributed significantly to overweight risk at all age intervals (Table 3) . OR at 2 years of age was 0.6 (95% CI 0.3-0.9) (P ϭ 0.02), and that at 8 years of age was 0.3 (0.1-0.6) (P ϭ 0.002) for full breast-feeding duration of Ն4 months. Finally, an effect of breast-feeding duration and birth size on overweight risk could be observed when analyzing offspring of mothers with type 1 diabetes separately (online appendix CONCLUSIONS -This study shows associations between childhood overweight and both high birth weight and breast-feeding habits but found no evidence for an independent contribution of maternal type 1 diabetes to childhood overweight up to age 8 years.
Children participating in the BABYDIAB study were followed from birth, and all had a father and/or mother with type 1 diabetes. This provided the opportunity to study the impact of both maternal type 1 diabetes and other gestational and perinatal factors on the risk of overweight. Due to the study design, recall bias in questionnaires addressing breast-feeding duration and smoking behavior during pregnancy was avoided or limited. Weight and height were mea- sured by a pediatrician according to standardized methods, and, therefore, we can rule out the over-or underestimating that may occur when data are reported by parents. Of the enrolled children, 98% have German parents, allowing us to rule out the possibility that results have been influenced by race or ethnicity. A limitation of the current analysis is that other confounding variables that may influence risk of overweight, such as socioeconomic status, educational level of the mother, and maternal BMI, were not available for this analysis. Therefore, we cannot exclude the possibility that the associations observed could in some cases be secondary to other variables. Our finding that maternal diabetes is not an independant predictor of overweight during childhood is in contrast to a number of previous studies. These other studies reported an increased prevalence of overweight and/or obesity in children of mothers with type 1 diabetes at ages 5.9 -9.0 (5), 5-15 (3), and 5-9 (6) years. One study (11) showed no effect of maternal diabetes status on the risk of overweight in breast-fed children. We found that maternal type 1 diabetes did not affect the risk of overweight but that factors previously reported to be linked with maternal type 1 diabetes, such as shorter duration of breast-feeding (12) and greater birth weight (13, 14) , impacted significantly on risk of overweight in childhood. The reason for the discrepancies between studies could lie in the small number of cases analyzed previously and the lack of confounder variable analysis in some studies.
Figure 1-Prevalence of overweight at 2, 5, and 8 years of age in children with a first-degree relative with type 1 diabetes, depicted in relation to full (A) and any (B) breast-feeding duration.
Ⅺ, children who were not breast-fed; u, children with short breast-feeding duration (Յ4 months full breast-feeding and Յ6 months full breast-feeding); f, children with long breast-feeding duration (Ͼ4 months full and Ͼ6 months any breast-feeding). The multivariate analysis showed that children born LGA were at increased risk of overweight throughout childhood. Our study thus confirms results from previous studies in children of the general population, as well as in offspring of mothers with diabetes, which have shown that being born LGA is an important risk factor for overweight during childhood (6, 15, 16) . Previous studies (17) reported that the age between 2 and 6 years is a critical period for the development of obesity. We could show that children born LGA contributed more than a third of new overweight cases at age 5 years. In contrast, children with an SGA status seemed to be protected from developing overweight between 2 and 5 years of age.
Several studies (18 -20) in the general population have demonstrated an inverse association between breast-feeding and obesity at different ages. However, both a meta-analysis and another study (21, 22) performed in the general population have shown that the protective effect of breastfeeding on overweight was weakened by adjusting for confounding factors such as birth weight and parental obesity. Separate studies (11, 23, 24) have reported the risk for overweight in breast-fed offspring of mothers with type 1 or gestational diabetes. Studies in offspring of mothers with type 1 diabetes have provided inconsistent results. Like our study, the Growing Up Today Study (11) found a decreased risk of overweight in breast-fed children of mothers with diabetes. In our multivariate analysis, long duration of breastfeeding protected children who had a first-degree relative with type 1 diabetes from overweight throughout childhood. Moreover, the protective effect of breastfeeding on risk of overweight appeared to increase with age. This protective effect was comparable in children who received full breast-feeding for Ͼ4 months and in those with any breast-feeding for a period of Ͼ6 months, suggesting that the protective effect can also be achieved by any breast-feeding over a longer time span. This is particularly important for mothers with type 1 diabetes, as they often find it difficult to fully breast-feed their children for several months (12) .
In conclusion, our findings indicate that maternal type 1 diabetes is not an independent risk factor for overweight during childhood but that factors associated with maternal type 1 diabetes, such as short breast-feeding duration and high birth size, predispose children to overweight during childhood. Although future research will be needed to investigate factors associated with overweight risk after puberty, our results indicate that mothers with type 1 diabetes should be *Variables that were included in the multiple logistic regression model were maternal diabetes, breast-feeding duration, birth size, and maternal age.
encouraged to breast-feed and that blood glucose management during pregnancy should be optimized with a view to preventing overweight during early childhood.
